Extra-corporeal membranous oxygenation (ECMO) has been applied in patients with cardiopulmonary failure. One critical drawback of peripheral ECMO is an increase in left ventricular (LV) afterload which could be counterbalanced by the combination of intra-aortic balloon counter-pulsation (IABP) therapy. We hypothesized that an add-on therapy with IABP could improve outcomes in patients receiving ECMO support. We included patients (>18 years old) from 2002 to 2013 requiring ECMO support due to cardiogenic shock in a medical center. A total of 529 patients (227 ECMO alone and 302 combined IABP plus ECMO) were included. The mortality rates at 2 weeks (48.5 vs. 47.7%) after ECMO implantation were not different between the two groups (ECMO vs. combined group). After adjustment for propensity score and potential confounders, the odds ratios of outcomes within 14 days (combined group vs. ECMO) for poor LV systolic function, high preload, multi-organ failure and mortality were not different. The results remained similar for subgroup analysis. Compared with ECMO alone, combined IABP and ECMO treatment did not improve outcomes in patients with circulatory failure.
Results
Basic characteristics. From Jan. 1, 2002 to Dec. 31, 2013, a total of 901 adult patients had received circulatory support by ECMO at our hospital. For simplicity, we excluded 45 patients who had received multiple ECMO treatment due to condition deterioration after weaning ECMO. Fifty-seven patients were also excluded since the timings of implanting ECMO and IABP were more than 24 hours and died in 24 hours in combined treatment group. Among the remaining 799 patients, we included only 529 subjects who received peripheral V-A ECMO treatment due to cardiogenic circulatory failure. The patient selection algorithm was shown in Fig. 1 .
The basic characteristics were summarized in Table 1 . As shown in Table 1 , in the study population, 302 patients received combined ECMO and IABP treatment while 227 patients received ECMO support only. Patients in combined group were older (56.8 ± 13.4 vs. 52.8 ± 17.2 years, p = 0.004), had less female gender (20.5 vs. 30.0%, p = 0.014), higher body mass index (25.1 ± 3.9 vs. 23.9 ± 4.3 kg/m 2 , p = 0.001) and higher prevalence of hypertension (39.4 vs. 29.1%, p = 0.017), diabetes mellitus (36.8 vs. 26 .4%, p = 0.015). More patients in combined group were smoker (28.5 vs. 20 .4%, p = 0.034). For peri-ECMO period procedure, more patients in combined group received cardio-pulmonary resuscitation (38.1 vs. 29.1, p = 0.033), coronary artery bypass graft (38.4 vs. 13 .2%, p < 0.001) while more patients in ECMO alone group received valvular surgery (11.9 vs. 4.0%, p = 0.001) and other surgery (7.0 vs. 3.0%, p = 0.038). For etiologies leading to ECMO treatment, more patients in combined group were due to acute coronary syndrome (58.9 vs. 25.6%) and more patients in ECMO alone group were due to cardiomyopathy (27.3 vs. 17 .2%), post-cardiotomy (31.7 vs. 12.9%) and acute myocarditis (15.4 vs. 10 .9%). The common ECMO set-up sites were intensive care unit (41.6 vs. 28.8%), emergency room (12.4 vs. 25 .8%) and other hospital (15.0 vs. 20.5%) for ECMO alone and combined groups respectively.
Patients' clinical parameters. The Patients' outcomes. The outcomes of the patients were summarized in Table 3 . The mortality rate at 2 weeks (48.5 vs. 47.7%, p = 0.861 for ECMO alone and combined treatment respectively) was not different between the two groups. The most common etiology of mortality were multi-organ failure (92.2% and 94.2% for ECMO alone and combined treatment respectively). As expected, more patients in combined group received limb fasciotomy operation due to vascular complications (2.6 vs. 0.0%, p = 0.012). The other outcomes were not different between the two groups.
The odds ratios for adding IABP support as a determinant for outcomes within 2 weeks were shown in Table 4 . After adjustment for potential confounders, the odds ratios of combined group vs. ECMO were 0.730 (95% CI: 0.473-1.126, p = 0.154) for poor LV systolic function (LVEF ≦ 35%), 0.775 (95% CI: 0.457-1.313, p = 0.343) for high preload (CVP), 1.360 (95% CI: 0.810-2.282, p = 0.212) for multi-organ failure, 1.008 (95% CI: 0.666-1.525, p = 0.955) for mortality at 2 weeks respectively. After propensity score adjustment, the result remained similar.
Subgroup analysis stratified by etiology of circulatory failure was also demonstrated in Table 4 . For patients with acute coronary syndrome, cardiomyopathy and myocarditis, the results were similar to all study group after propensity adjustment. For post-cardiotomy patients, the 2 week-mortality was significantly higher in subjects with combined treatment (odds ratio: 8.398 [95% CI: 1.916-36.805], p = 0.005). The result remained similar after propensity score adjustment. 
Discussion
To our knowledge, this study is the largest series comparing the outcomes of combined IAPB plus ECMO with the ECMO alone therapy in critical ill patients. Our results showed that an add-on IABP to ECMO treatment has no additional survival benefits. Developed in the 1970s' , ECMO has now been applied to a wide variety of critical conditions. Studies have demonstrated that it has beneficial effects in patients with refractory respiratory failure such as acute respiratory distress syndrome 11 , hypercapnic respiratory failure 12 and could work as a bridging therapy to lung transplantation 13 or allograft failure 14 . In addition to it's success in respiratory failure, more and more reports have focused Table 2 . Comparison of several blood and clinical parameters in patients with and without IABP implantation. Abbreviations: ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon counter-pulsation; FiO2, fraction of inspired oxygen; PaO2, partial pressure of oxygen in arterial blood; PaCO2, partial pressure of carbon dioxide in arterial blood; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; CVP, central venous pressure; LVEF, left ventricular ejection fraction. Table 3 . Comparison of the incidences of different outcomes in patients with and without IABP implantation. Abbreviations: ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon counter-pulsation; MOF, multi-organ failure (more than two organ dysfunction).
on it's ability in circulatory mechanical support. Although only observational studies have been reported, ECMO has revealed its potential survival benefit in many critical conditions such as myocardial infarction -related cardiogenic shock 3 , refractory heart failure caused by dilated cardiomyopathy 4 or acute myocarditis 5 , post-cardiac surgery complications 6 and cardiopulmonary resuscitation in cardiac arrest patients 7 .
Despite its capability of hemodynamic support and reducing LV pre-load, ECMO would also increase the LV afterload, distend the LV and increase wall stress and thus cause an increase in myocardial oxygen demand and sub-endocardial ischemia that could impede myocardium recovery 9, 15 . Several treatment techniques have been proposed to avoid these disadvantages such as trans-septal left atrial drainage 16 , Impella assist device 17 and IABP 9 . IABP has been widely used in patients with cardiogenic shock for decades. Previous studies have shown its hemodynamic benefits in LV after-load reduction and coronary perfusion augmentation 18 . As an adjuvant mechanical support to ECMO, IABP could not only restore the pulsatility of the LV pressure output but also reduce LV end-diastolic diameter and pulmonary artery-occlusion pressure 19 . Although, the mortality benefit conferred by IABP counterpulsation in myocardial infarction patients treated with fibrinolytics is evident [20] [21] [22] , but when it comes to percutaneous coronary intervention, study results have been controversial. Recently, a large prospective, randomized, multicenter trial showed that there was no significant difference in the all-cause mortality nor was there a significant difference in major bleeding, peripheral ischemic complications in myocardial infarction-related cardiogenic shocks treated with or without IABP 23 . Our result may also highlight and demonstrate that the effect of IABP does not provide an additional benefit in survival, which was similar in IABP-SHOCK-II trial 23 .
In contrast to several previous reports showing that the combined IABP and ECMO treatment might potentially improve patients' outcomes 8, 9 , we found that the combined therapy not only could not improve survival but also could not prevent the development of multi-organ failure. We believed that the lack of control patients and small series in those studies are two main reasons leading to this discrepancy. Since most patients in this Table 4 . Odds ratios for different outcomes (within 2 weeks after ECMO treatment) in patients with and without IABP implantation before (left) and after propensity adjustment (right). Abbreviations: ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon counter-pulsation; LVEF, left ventricular ejection fraction; CVP, central venous pressure; MOF, multi-organ failure. Model adjusted for age, gender, preexisting cardiovascular diseases, cardio-pulmonary resuscitation (yes or no), peri-ECMO operation (yes or no) and severity index (APACHEII, SOFA, LODS). study died from multi-organ failure, we hypothesized that the main reason that the combined therapy could not improve survival is its disability to avoid or reverse the complex processes leading to multi-organ failure. Study has found that the introduction of IABP could not reduce the serum lactate level in myocardial infarction patients complicated with cardiogenic shock 23 . Similar result also has been reported in combined therapy as our study 19 . This indicates that IABP treatment alone or in combination with ECMO could not improve micro-circulation, tissue perfusion and thereby prevents organ failure. Notably, in subgroup analysis, post-cardiotomy patients carried a higher risk of mortality in combined treatment group. It is possible that these patients received combined treatment due to their more critical conditions. One of the major concerns of combined therapy is limb ischemia since both femoral arteries should be cannulated. Our data pointed out that the implantation of IABP would not increase the risk of vascular compliacions, indicating that most of the vascular complications are from ECMO. It is probably that the size of ECMO catheter is more bulky than that of IABP. In this study, nearly half of our patients received the insertion of reperfusion catheter together with ECMO therapy but still there were a small number of cases progressing to more severe ischemia requiring fasciotomy or resulting in gangreneous change of distal extremities.
Conclusions
In conclusion, compared with ECMO alone, combined IABP and ECMO treatment did not improve survival or prevent multi-organ failure in cardiopulmonary compromised patients.
Study limitations.
This study had several limitations. First, this is an observational cohort study. Second, notwithstanding the propensity score matching has been proved an effective method to balance the covariates between two treatment groups, a large scale randomized-control trial is still needed for a comprehensive evaluation of the effects adding IABP to ECMO. Finally, there was no standard protocol of the timing to initiate IABP or ECMO in this study. It depended on the primary care doctor's judgment. The different timing of initiation might affect the final outcomes.
Methods

Ethics Statement. The research was approved by the institutional review board of the National Taiwan
University Hospital Ethics Committee. The study was conducted in accordance with the approved guidelines. Because this was a retrospective observational study, the institutional review board of the National Taiwan University Hospital Ethics Committee (No. 201404079 RIN) waived informed consent.
Patient populations.
The ECMO team consists of cardiac surgeons, intensivists, technicians and multidisciplinary specialists, forming an around-the-clock comprehensive medical care network. ECMO was considered as the treatment of choice in circulatory collapse for mechanical support, either emergently or urgently, in our institute. The criteria of V-A ECMO included those under cardiopulmonary resuscitation, or cardiogenic shock with multiple inotropic support over 35 μg/kg/min inotropic equivalent (IE, = dopamine + dobutamine + (epinephrine + norepinephrine + isoproterenol) × 100 + milrinone × 15) and persistent organs hypoperfusion. The cases requiring urgent ventricular assist device implantation was excluded if they di not received ECMO rescue.
In the current study, we included all adult patients (age ≥ 18 years old) from 2002 to 2013 whether initially admitted to our center or referred from other hospitals with compromised cardiopulmonary system requiring ECMO support. We choice this period since detailed medical information was prospectively collected and stored in an on-line data bank during this period.
In our hospital, whether IABP treatment should be routinely given to patients receiving ECMO support is a debating issue. Some physicians believed that IABP could lower the afterload in patients receiving ECMO while others preferred ECMO monotherapy in order to prevent vascular complications. Around half of the patients received ECMO alone treatment, which offered us a chance to compare the outcomes between patients with combined IABP-ECMO and ECMO alone treatments.
Extra-corporeal membranous oxygenation technique. In our center, cardiovascular surgical team evaluated every patient to judge whether the ECMO was indicated according to inclusion criteria mentioned above. The femoral vein and/or artery were exposed in a cut-down wound and cannulated via puncture method with CARMEDA cannula (Medtronic Inc., Anaheim, CA). The circuit had heparin-bonded CARMEDA bioactive surface (Medtronic Inc., Anaheim, CA) and was primed by a saline-diluted heparin (2 units/mL). It was connected to an Affinity oxygenator and driven by a Bio-Pump centrifugal blood pump (Medtronic Inc., Anaheim, CA) or Rotaflow (Maquet, Germany). An antegrade perfusion catheter was administered to prevent distal extremity ischemia if necessary. Heparin was continuously infused to keep activated clotting time (ACT) over 220 seconds. Experienced perfusionists or technicians would examine the system daily to maintain adequate flow and ACT, and check for clot formation and oxygenator dysfunction.
Intra-aortic balloon counter-pulsation technique.
The primary care cardiovascular physician or surgeon judged the decision of IABP insertion. A 30 or 40 mL IABP balloon, size judged according to the patient's height, was inserted through a femoral sheath and with the tip located near the second rib. The support was initiated at a 1:1 inflation-deflation to cardiac cycle ratio, either by electrocardiographic or blood pressure wave form triggering. The removal of the IABP was also judged by the attending physician. Usually, the IABP was removed when the systolic blood pressure remained above 100 mmHg without inotropic agents. In general, IABP would be removed after the ECMO could be weaned off successfully for those with combined IABP and ECMO support.
Outcomes. The primary outcome was all-cause mortality within 2 weeks. Other outcomes were organ failure (brain, lung, heart, liver, kidney, gastro-intestine) and vascular complications within 14 days. LVEF, LV preload (CVP) in 1 week were also used as outcomes to measure the short-term effect of IABP on LV systolic function and LV preload. There was no worldwide-accepted definition of organ failure. In our critical care center, the definition of organ failure was defined as followed. For brain failure, we defined it as a consciousness change (Glasgow coma scale ≦ 7 after discontinuing sedative and muscle relaxing agents) plus a brain image or EEG study showing hypoxic encephalopathy. If the patients was intubated and received ventilator support, the definition was eye plus motor response of Glasgow coma scale ≦ 6. The definition of heart failure was failure of weaning ECMO or unstable blood pressure (defined as SBP < 90 mmHg or drop of SBP for more than 30 mmHg) plus impaired LVEF (< 40%) requiring high dose of catecholamine support with an IE ≥ 20 μg/kg/min. Lung failure was defined as an arterial oxygen saturation < 85% under adequate ventilation support or a ratio between partial pressure of oxygen in arterial blood (PaO2) and fraction of inspired oxygen (FiO2) < 60 or an oxygen index > 30 19 . Liver failure was defined as total bilirubin over 15 mg/dL or elevated liver enzymes (alanine transaminase or aspartate transaminase) over 10 times of normal values. Renal failure was defined as a new-onset kidney disease requiring renal replacement therapy. Gastro-intestinal failure was defined as failure in enteral feeding or massive gastro-intestinal bleeding requiring at least 6 units of blood during 24 hours. Since the organ function might evolved over time, the time to determine organ failure outcome was set at 7 days after delivering ECMO treatment or censor time (death or bridging to heart transplantation or VAD) whichever came first.
Data Collection.
Patients' basic demographics, pre-existing comorbidity, pre-ECMO CPR, peri-ECMO period procedure and use of inotropic agent, etiologies of circulatory deterioration, site of setting ECMO, outcomes and complications were prospectively collected and registered in an on-line data bank. To evaluate the initial severity of patients, the scoring systems including Acute Physiology and Chronic Health Evaluation II (APACHE II) score 24 , Sequential Organ Failure Assessment (SOFA) score 25 , Logistic Organ Dysfunction score (LODS) 26 , blood PH and lactic level, IE were recorded every day and were averaged for the initial 48 hours. To evaluate the changes of the patients' conditions, laboratory data including serum lactic acid level, arterial blood gas, daily urine output amount, hemodynamic data including SBP and diastolic blood pressure ( DBP), heart rate (HR), CVP and IE were recorded every day and the averaged value within one week after ECMO implantation were reported. LVEF was obtained by echocardiography every day and the averaged value within one week was reported.
Propensity Score Methods. Due to small sample, we used inverse propensity score weighting (IPSW) to balance the observed variables in the two treatment groups 7, 27, 28 . The propensity score was the conditional probability of receiving IABP treatment, as a binary dependent variable, under a set of measurements. Clinical risk factors listed in Table 1 were added into a nonparsimonious multivariable logistic regression model to predict the probability of using IABP. The model included baseline characteristics (age, gender, body mass index, current smoker), pre-existing comorbidity (hypertension, diabetes mellitus, chronic kidney disease, dialysis therapy, liver cirrhosis, chronic obstructive pulmonary disease), cardiovascular disease (coronary artery disease, old myocardial infarction, stroke, peripheral artery disease), severity index (APACHEII, SOFA, LODS, PH, lactic acid, IE), pre-ECMO CPR, peri-ECMO period procedure, cause of ECMO treatment and ECMO set-up site. The predicted probability derived from the logistic equation was used as the propensity score for each individual. A subject's weight was then defined as the inverse of the probability of receiving the treatment that the subject actually received. The weighting factor was used in the regression model.
Statistical Analysis. The normality of the variables was tested by Shapiro-Wilk test. Continuous variables
with normal distribution were expressed as mean ± standard deviation (SD), while those that were not normally distributed were reported as medians and quartiles (25% to 75%). Categorical variables were expressed as percentages. Continuous variables were compared by Student's t -test for normal distributed variables and were compared by Mann-Whitney U test for non-normal distributed variables. Categorical variables were compared with Chi-Square test. To evaluate the effect of IABP usage to the short-term outcomes after ECMO treatment, logistic regression was performed to adjust potential confounders by adjusting for age, gender, pre-existing cardiovascular disease, CPR (yes or no), peri-ECMO operation (yes or no) and the severity index including APACHEII, SOFA and LODS. For IPSW, a binary generalized estimating equation (GEE) model was used to correct the "inflating" sample caused by weighting. The results were presented as odds ratio (OR) and 95% confidence interval (CI) and were stratified by etiologies of ECMO treatment. A p value less than 0.05 was considered statistically significant.
